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Flow Control Protocols
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For Noiseless Channels For Noisy Channels
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Stop and Wait

|

Sliding Window Protocols
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—>» Stop and Wait ARQ

» Go Back N ARQ

—» Selective Repeat ARQ
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Selective Repeat ARQ LIS

Selective-Repeat ARQ » ARQA G sled, 2
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= Similar to Go-Back-N ARQ. However, the | <= f2r 7227
sender only retransmits frames for whicha| | «* sz IES R
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= Advantage over Go-Back-N: b e bLs)| ol e

= Fewer Retransmissions. b 5 dims ialS | Lo
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« More complexity at sender and receiver Rt R LRTIL RN




Selective Repeat ARQ

Selective Repeat ARQ

* Only damaged and lost frames are retransmitted

« ACK numbers refer to the last correctly received
frame, not next frame expected!

« If go-back-n window size is n-1, SR widow size
must be at most n/2 (why?)
« Damaged Frames:

— After receiving a damaged frame, receiver sends a
NAK and continues accepting other frames

— Sender only retransmits the missing frame
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Selective Repeat ARQ

Sender Receiver

’ Selective Repeat ’
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Selective Repeat ARQ
Selective-Repeat ARQ
« Lost Packet Timeout for Packet 4:
only Packet 4
IS retran)gmitted
A £
0 \9/ \v \v/ \o/\0 \U/\O /IO /\v
S EHER R R RRER
a 0 O " C'E_ ) » D D
o | B (@) ® E «-»
d ) o g
- ~ ~ q T - q
B , ;
Packets 5 and 6
are buffered




s 900 JUS sl ARQ 35, LS

Stop and Wait Link Utilization (Etficiency)

Let us define link utilization, U, as:

_ Useful tune durng which hink 15 usedfor transnutting data
Elapsed tune

U

Will demonstrate on next slide that U is given by:
1

2a+1
Where ‘@’ is

i =

_’ Propagation Tune
a—= — :
Frame Transnussion Tune

Utilization is high for small a: U approaches 1, i.e. = 100% efficiency
a2 Shorter links, Higher propagation velocities

o Larger frames sizes, Lower data rates

Efficiency is poor for large a:

2 Longerlinks, Lower propagation velocities

2 Smaller frames sizes, Higher data rates




Stop-and-Wait Protocol: Efficiency
With Errors

 Assume a frame is in error with probability P
Therefore, average utilization can be written as

U=T:/ (N, x T_total)
s g_rl_is the average number of transmissions of a frame, while T_total is equal to T; +
prop-
e  For stop-and-wait, N, is given by

N, = E[no of transmissions] = Z i x Prob[ i transmissions]

= 2 i x Pr1(1-P)
= 1/(1-P)
e Therefore, utilization is given by
________ Identities:
|U = (1- P)/(1+2a) Z (X1,i=1,00) =1/(1-X) for -1<X<1

Z (iX"-1,iz1,00) =1/(1-X)? for -1<X<1

e Note that for P = 0 (i.e. error free), the expression reduced to the previous result!




Stop-and-Wait Protocol: Efficiency

o After every frame, source must wait till acknowledgment = Hence
link propagation time is significant
o Total time to for one frame:
T_total =T ¥ 2T F Tome + Ta
if we ignore T,... and T,y (usually very small)

T_total = T¢ + 2T 55 Source Destination

o Link utilization, U is equal to
U = T, (T_total), or

A

!
_______ i
where a = T,/ T¢ = length of link in bits

T total

 Ifa<1(ie. Tf > T,p —when 15t transmitted bit
reaches destination, source will still be transmitting =
U is close 100%

« Ifa>1(i.e. Tf < T,p — frame transmission is
completed before 15t bit reaches destination = U is low







